Currently, most plastic products are manufactured using injection molding machines. In the force control system of a typical injection molding machine, the force information from the machine's environment is obtained using a force sensor. However, these sensors have several disadvantages, which include signal noise, sensor cost, and a narrow bandwidth. Thus, sensorless force detection methods are desirable.
We have previously proposed a new injection force estimation method based on a high-order reaction force observer (HORFO), which is not significantly influenced by a nonlinear friction phenomenon. However, this method cannot improve the estimation performance of a steady state and a transient state simultaneously. To overcome this problem, an automatic parameter-switching reaction force observer (APS-RFO) is proposed to improve the estimation performance of the HORFO. Moreover, this study evaluates the possibility of a sensorless force control system using the proposed APS-RFO. Fig. 1 shows the experimental results of force sensorless pressure control. Fig. 1(a) shows the experimental results of force sensorless pressure control using a conventional reaction force observer (RFO). The pressure response has an undershoot due to the estimation error of the RFO in the transient state. Furthermore, vibrations caused by a dither signal are confirmed in the holding process.
During our experiment, we found that the estimation performance of the HORFO could be improved by adjusting the damping coefficient ζ. Fig. 1(b) shows the experimental results of force sensorless pressure control using the HORFO with a value of ζ = 0.0. Because the estimation performance in the holding process is improved, high performance pressure control is achieved. However, the pressure response has a large undershoot due to the estimation error of the HORFO in the transient state. Fig. 1(c) shows the experimental results of force sensorless pressure control using the HORFO with a value of ζ = 0.7. A pressure response without some undershoots is achieved. However, vibrations are confirmed in the holding process. Fig. 1(d) shows the performance experimental results of force sensorless pressure control using the proposed APS-RFO. Because the estimation performance in the holding process is improved, highly accurate pressure control is achieved. Furthermore, the pressure response without some undershoots is achieved owing the improved estimation performance in the transient state.
The effectiveness of force sensorless pressure control using the proposed APS-RFO is confirmed through comparative experiments. A container crane is required to operate smoothly and quickly. The rope length of a container crane increases with container crane size, and the anti-sway control with manual operation is difficult.
Feedback control using the sway angle is developed for an antisway control method. Detecting the sway angle using a visual sensor takes up a lot of time. Therefore, the trolley moving system has a delay owing to sensor detection, and the anti-sway control may become unstable.
In the past, a method for estimating the sway angle using an observer was proposed. The state observer without using the detected sway angle value, estimates the sway angle accurately. However, the estimated sway angle has an error owing to rope length error, friction, and wind. Moreover, the container mass cannot be determined, so the observer parameter cannot be designed. On the other hand, the position profile for the minimisation sway angle is also influese of parameter variation.
In the past, we designed robust anti-sway control for overcoming rope length error without adding a new sensor. We proposed a time collection observer and have verified its effect via numerical simulation.
In this paper, we first propose a container mass estimation method when crane system performs rolling up control. The observer parameter can be selected by using an estimated mass value. The error of the estimated mass is restricted to within 1%. The mass estimation system is shown in Fig. 1 , and the experimental results are shown in Fig. 2 .
Second, in crane parallel shift control, we propose a robust antisway control even with wind disturbance. We design a wind disturbance observer and propose a wind disturbance estimator to separate the friction observer output from the wind disturbance observer output. The anti-sway control system is shown in Fig. 3 , and the experimental results are shown in Fig. 4 . The vibration of a pendulum is reduced to 93% at the maximum. Keywords: digital control, delay, PID control, phase-lead compensation, control parameters, limited pole placement method
Digital controllers are applied to various systems owing to their precision in realizing high-order controllers. However, they must consider calculation delay; the phase lag due to this delay degrades the performance of the control system. Conventional controllers, such as PID controllers and phase-lead compensators, are generally used in practice without any consideration of the calculation delay. However, if we try to maximize the performance of these controllers, the systems tend to vibrate and become unstable because of the phase lag. Thus, the parameters of controllers should be tuned in order to eliminate the influence of the delay, by trial and error which is irrational and time-consuming because it depends on personal skills and technical know-how.
To solve this problem, a limited pole placement (LPP) method is proposed in this paper to calculate the parameters for fixed controllers with delay. Fig. 1 shows a block diagram of the control system. The controller, K(z), has a fixed structure of a certain order. Even though the number of closed loop poles depends on the delay, generally, not all poles can be located as desired because the number of parameters is less than that of poles. Therefore, in this study, only the exact number of poles as that of parameters are located, while the remaining, i.e., "determined poles," are automatically located. The "assigned poles" can be precisely located by the LPP method so that the parameters suppress the vibration caused by the phase lag. Further, the influence of the delay is evaluated quantitatively by analyzing the positions of the "determined poles." Fig. 2 shows the response of a two-degree-of-freedom PID control system with one sampling period delay (0.25ms). The thin curves are the responses obtained using the parameters derived by a conventional continuous model, and the thick curves are those obtained using parameters derived by the LPP method. Note that even in the case of (c) 0.8187 (−800 rad/s) and (d) 0.7985 (−900 rad/s), the thick curves are stable. This suggests that the parameters derived by the LPP method can suppress vibration. Fig. 3 shows the locations of "determined poles." One of the "determined poles" exists in almost the same position as "assigned poles" in the case (c), and in a slower position in case (d). Hence, the response of (d) is slower than (c), as shown in Fig. 2 . The case (c) parameters give the fastest response for the system.
The LPP method can be used to efficiently obtain optimal parameters for fixed controllers with delay and to evaluate its limitation by analyzing the locations of "determined poles." This paper presents a novel posture control approach using feedback compensation with an unstable pole. For the narrow and small PMR (personal mobility robot), it is required to control its posture for achieving quick turning and high acceleration. However, in the conventional control approach that uses the posture angle as a controlled variable, the ZMP (zero moment point) cannot be settled to the desired point in the following cases: an unknown disturbance force given to the PMR, the fluctuation in the center of gravity of the PMR, and the conditioned change between the tires and the road surface. In this paper, a novel control method using feedback compensation with an unstable pole is proposed to achieve the desired ZMP at steady state. The proposed controller changes the control input for the actuator of the posture control to zero in order to achieve the desired posture angle. The effectiveness of the proposed approach is verified via experiments using a prototype of the PMR. Figure 1 shows the overview of the PMR, which has two driving wheels in the front and one omnidirectional wheel in the rear. In addition, there are two series elastic actuators using ball screws and suspensions to control the PMR's posture. Figure 2 shows the block diagram for controlling the roll angle of the PMR. Here, P(s) is the plant system of the roll angular velocityθ for the roll moment τ generated by the ball screws,θ re f is the reference forθ, and τ dis is the unknown disturbance torque that causes the fluctuation of the ZMP. The proposed feedback compensation C(s) with an unstable pole is expressed as follows:
C(s) can achieve the desired ZMP by converging the roll moment τ to zero, when the unknown disturbance torque τ dis is given to the PMR. Figure 3 shows the experimental results for a turning motion. This experiment regards the centrifugal force as the unknown disturbance torque τ dis to evaluate the proposed approach. Figure 3 [a] is for the roll angle and [b] is for the roll moment τ. From Fig. 3[a] , we observe that the roll angle can be controlled to the desired steady value during the turning motion indicated by the vertical dotted lines. Further, the control input indicated in Fig. 3[b] by the red line rejects the noise of the blue line via a low-pass filter and can be changed to zero during the turning motion. The posture of the PMR can be controlled to the desired angle, which the unknown centrifugal force can balance with the PMR's own weight. Therefore, the traveling stability can be improved by the proposed compensation. This paper presents a novel simultaneous optimization between feedforward (FF) and feedback (FB) compensators in 2-degrees-offreedom (2-DOF) positioning systems for robust vibration suppression control against frequency perturbations of mechanical vibration modes. The authors have already proposed a coordinate design between FF and FB compensators of the 2-DOF controller to improve the robust properties in the positioning. In the conventional approach, however, residual vibrations due to the frequency perturbations still remained after the settling because the conventional coordinate design was a quasi-optimization of the 2-DOF controller. Fig. 1 shows the block diagram of the 2-DOF positioning system with an additive uncertainty in plant, where P n : nominal plant model, P: actual plant, Δ: additive uncertainty by the perturbation, C: FB compensator, u f f : FF control input designed by a final state control algorithm, u: control input, y: position, r: FF position reference trajectory, and e: tracking error, respectively. In this study, a jerk of u f f , a stability margin of the FB control system, and e due to the frequency perturbation are formulated as cost indices of the optimization. By solving a non-linear programming problem with these indices, u f f and C are simultaneously optimized to minimize the residual vibrations due to the frequency perturbations.
The effectiveness of the proposed approach has been verified by experiments using a prototype of a galvano scanner. Fig. 2 shows the experimental response waveforms of the position errors (1.5 − y) for 1.5 mm stroke positioning, with the resonant frequency perturbations in the 1st vibration mode (ω 1 = −100 Hz and ω 1 = −200 Hz). Fig. 2(a) shows the results of the conventional design and Fig. 2(b) shows the results of the proposed design. In the conventional design, the residual vibrations are represented as the light red solid lines and the light red broken lines are caused by the perturbations after the settling, which could not satisfy the target settling accuracy of ±2.5 μm as indicated by the horizontal dotted lines. In the proposed design, on the other hand, the residual vibrations can be effectively suppressed, thus achieving the required positioning performance. Keywords: human assistance system, behavior classification, self-organizing map, ontology This paper proposes a technique for constructing an intention estimator using ontology, a Petri net, and a self-organizing map (SOM). The reason to use the ontology, ontology is useful for clustering and ordering of the knowledge. Petri net was used to express the work procedure because it is an event-driven model that expresses contexts suitably. An SOM was used as a clustering technique in the operation state to deal with multi-variable data. As mentioned above, this paper proposes a method to construct an intention estimator using SOM, ontology, and Petri net wherein a support machine can estimate the operator's intention. Furthermore, the constructed estimator was validated in this research.
To experimentally obtain data for constructing the intention estimator, a Cooperative-Carrying-Task (CC-Task) simulator was built. Three participants simultaneously performed the CC-Task using the simulator. They performed the task in a virtual workspace constructed using computer graphics, and which contained three robots, three boxes, and three target locations. The three robots were operated by each of the three participants. The participants moved their respective boxes to each of the target locations cooperatively. During the task, the positions and orientation of robots and objects were measured. Furthermore, a video of the experimental scene was recorded. Figure 1 shows the procedure of designing the intention estimator. Ontology was used to compile a knowledge database to find the operational types of the robot and the information used for their operation. In this research, the operational intention was assumed to be the same for all operational modes. Next, the ontology was organized in terms of the CC-Task (CC-Task ontology). The CC-Task ontology was built using the Activity-First Method (AFM). The first Fig. 1 . Procedure to build the intention estimator step of AFM, i.e., the extraction of machine operational intentions was performed by qualitatively analyzing the experimental scene video. Next, the intention types were defined by considering the elements in the obtained ontology. In addition, information about the robots and boxes in the virtual workspace was added to the ontology. The information, included the position, orientation, color, etc., of the robots and boxes. The CC-Task ontology expresses two types of information: that about object-related intention and the semantic relation between intentions. The ontology, however, could not show the sequential relation between intentions. Hence, the task sequence was modeled by an event-driven model using Petri net. Our first step in building the Petri net was to extract the sequence of operation that was found while analyzing the ontology by performing a qualitative analysis using the recorded video. Second, the Petri net for the CCTask operation was designed by denoting a connected intention by place, a relation of intentions by arc, and the transition state of an intention by transition. Machine operational intentions found by the extracted CC-Task ontology and Petri net model were classified by an SOM from the operation-related time-sequence data. The components of the input vector used for SOM learning were selected on the base of the knowledge obtained by the ontology analysis. In other words, the positional and orientational status of the robots against the boxes and walls, and the joystick operation were selected as the components of the input vector. The training computation of SOM was executed using SOM PAK. The clustering map prepared by SOM showed the classification of intention. Machine operational intention obtained by the ontology ware classified according to the clusters of intentions. In order to validate the proposed method, the results of classification by the proposed method and by human analysis were compared. The comparison results confirmed that the classification worked 30-80% comparing with human estimate. Keywords: transmission of force sensation, tension control, tendon-driven, disturbance observer, master-slave system, spherical joint
Recently, an increasing number of remotely manipulated robots have been researched and developed. For these robots to safely come into contact with environments of remote areas, transmission of the force sensation to operators is important. The transmission of the force sensation is realized by bilateral control. However, the transmitted force includes the inertia force as well as the reaction force. If the inertia force is large, operators cannot feel the reaction force clearly. This is a problem of multiple-degree-of-freedom robots having bilateral control to transmit the force sensation. In order to solve this problem, tendon-driven spherical joint mechanisms are suitable. These mechanisms are lightweight and have multipledegree-of-freedom in one joint.
In this paper, a motion control method for the mechanisms is proposed to transmit the force sensation. In addition, to verify the validity of the proposed method, a tendon-driven spherical joint mechanism with two rotational degrees of freedom was developed, as shown in Fig. 1 . In the proposed control method, an imaginary plane is defined and utilized for force projection to control force, as shown in Fig. 2 . To avoid force deterioration from strings slacking, tension of strings is also controlled.
A block diagram of the proposed bilateral control system is shown in Fig. 3 . Experimental results of the bilateral control are shown in Fig. 4 
Optimization of Transmission Data in Bilateral Teleoperation
Mariko Mizuochi Member (Hitachi, Ltd., mariko.mizuochi.hu@hitachi.com) Kouhei Ohnishi Fellow (Keio University, ohnishi@sd.keio.ac.jp) Keywords: bilateral control, coding, networked control system, transparency, discrete-time control, high precision control Bilateral teleoperation with reproduction of wide-band haptic sensation enables an operator to execute complicated tasks. Although it is necessary to introduce a network for operation from a remote area, the performance deteriorates owing to the communication constraints such as the communication delay, throughput, and the packet transmission rate. Since the risk of network congestion increases with a decrease in the transmission interval, the bandwidth of a transmission signal is limited owing to the limitations on the packet transmission interval. This paper introduces a coding scheme using a low-pass filter (LPF) and discrete Fourier transform (DFT) to widen the bandwidth of a transmission signal and proposes a method for reducing a calculation cost and the transmission packet size while maintaining high bilateral teleoperation performance based on the optimization of transmission data.
A LPF-DFT combined coding scheme shown in Fig. 1 is used to transmit wide-band and small-delay signals, even under limitations on the packet transmission interval. The bandwidth of a transmission signal is widened by transmitting high-frequency components as frequency spectra in addition to the low-frequency component extracted by the LPF. Coding at the transmitting side is performed as follows:
Here, X l denotes a signal whose frequency is lower than the nyquist frequency of packet transmission, G l (s) denotes an IIR-type or an analog LPF with a cutoff frequency lower than the nyquist frequency, c d f t denotes the frequency spectra, and N denotes the amount of data used for the DFT calculation. The sampled values of X l and the frequency spectra c d f t are transmitted as a packet, and the decoded valueX at the n th sampling point from receiving packet is derived using inverse discrete Fourier transform (IDFT) as follows:
Because larger K MAX widens the bandwidth of the signal and increases the calculation cost and the size of a transmission packet, K MAX should be set as low as possible.
Although the bandwidth of a transmission signal is widened, the calculation cost and the transmission packet size increase in this scheme in comparison with the case in which only the lowfrequency component is transmitted. Considering the application to a multi-degree-of-freedom system and concurrent control of multiple systems, it is essential to reduce the calculation cost and the Fig. 1 . LPF-DFT-combined coding and decoding scheme transmission packet size. This paper proposes a method for reducing them while maintaining high performance bilateral teleoperation on the basis of the analysis of the influence of the bandwidth limitation of each signal on the performance. The analysis results show that performance deterioration is mainly attributed to the bandwidth limitation on the force signal. The influence of the limitation on the velocity signal is less than that of the limitation on the force signal, and the influence of the limitation on the position signal is not confirmed. The packet size can be effectively reduced by determining the bandwidth of a transmission signal independently for each signal on the basis of the degree of the influence and by prioritizing transmission of the wide-band components of the force signal. K MAX is then proposed to be determined as follows:
• velocity: depending on the allowance of calculation and communication; and • force: equivalent to or higher than the bandwidth of sensing. Experiments are performed for non-contact and contact motions to verify the influence on an operational force and the force reproduction property. The results summarized in Table 1 indicate the followings:
• the operational force and force reproduction property are almost the same for the time and frequency domains in the proposed method and the cases with large K MAX for all signals, even though the data size is reduced by 40% in the proposed method; and • reproduction of force in the high-frequency range deteriorates when the packet size is the same as that in the case with the proposed method, and K MAX is set to be equal for all signals. These results show that the packet size is effectively reduced by optimizing the transmission data, and the same performance as that obtained with a large transmission packet can be achieved with the proposed method. Humanoid robots are a type of robots that have high adaptability to the human environment. However, it is more difficult to stabilize the posture of humanoid robots, as compared to other types of robots. Thus, many researchers have investigated the stability of robots during walking.
Various methods for evaluating the stability of humanoid robots on rough terrain have been proposed, for example the VHP (virtual horizontal plane) method, which is based on the ZMP (zero moment point). The use of this method yields the stability region and assures that the robot is stable as long as the defined the ZMP stays within the region. However, if the robot stands firmly with its feet on two different slopes, as shown in Fig. 1(a) , and then bends forward, as shown in Fig. 1(b) , the robot may not fall down even though the ZMP moves out of the defined stability region.
We observe the internal force that acts on a humanoid robot on the rough terrain to solve the issue. If the internal force acts in the direction that prevents the robot from falling down, the ZMP may move out of the stability region because the robot receives a suction force. In the conventional method, the moment around the tumble axis due to the internal force uses only the normal component of reaction. However, there is a case wherein the friction force acts as the suction force on the particular rough terrain. Thus, the stability condition of the conventional method is conservative.
In this paper, we propose a new method for calculating the stability criterion, which uses the friction force that acts as the suction force. One can calculate the limit of stability, if the moment by the friction force acting as the suction force on the grounding point is added as an index of the stability criterion. However, the friction force acts as kinetic friction force and decreases if it is over the maximum static friction. Thus, we use the value that subtracts the friction force, which actually acts during maximum static friction, when we add the index of the stability criterion.
We conducted experiments using the biped robot shown in Fig. 2(a) to verify the validity of the proposed method. First, the right sole of the robot was grounded on a slope parallel to the x axis and placed at an angle of 60 [deg] against the y axis, and its left sole was grounded on a slope parallel to the x axis and placed at an angle of −60 [deg] against the y axis, as shown in Fig. 2(b) . Then, the upper part of the robot was bent forward slowly while the robot fell down. At the same time, we verified the validity of the proposed method by calculating the stability margin using the normal component of internal force and using the proposed method.
The result of the experiment is shown in Fig. 3 . The stability margin calculated using the conventional method, which uses normal component of internal force, was zero at all time. On the other hand, the stability margin calculated using the proposed method was zero Recently, dental implant is attracting attention as a treatment to repair the missing teeth. However, it requires surgical procedure for drilling of bone tissue. To correctly handle the cutting device, physicians are required advanced techniques and extensive experience. Since the lack of experience may result into medical accident, the supporting technology for the surgeon is required to prevent these accidents. In the supporting technology, the cutting depth and bone density are important parameters that need to be known for a dental implant surgery. However, thus far, studies have not been conducted to estimate the thrust force in real time during cutting wood and bone in order to estimate the cutting depth and to classify the bone density.
In this paper, a method for classifying the bone density is proposed by modeling the relationship between the thrust force and the bone density. The bone density can be obtained in real time by comparing the force from a reaction force observer with the force from thrust force formula shown in eq. 1.
where F est D is the thrust force, a D and b D is the pre-estimated bone density parameters,ẋ is velocity and l t is the length of the top of the drill. Fig. 1 shows the experimental setup. The slave robot consists of a DC servomotor and a linear motor, and the master robot consists of a linear motor. A bilateral control is implemented between the master-side linear motor and the slave-side linear motor. Bilateral control is used to transfer a sense of force and is currently attracting attention as a control method for medical robots In our experiment, the bone density parameters were estimated using different types of wood mentioned in Misch's bone density classification. Then, contact detection and bone density classification were carried out. Fig. 2 shows the results of the constant velocity experiment for parameter estimation. Fig. 3 and Fig. 4 shows the experimental results of contact detection and bone density classification. The experimental results indicated that the error of contact detection was ±50 µm and the error of bone density detection was 0.16 mm.
To enhance the versatility of the proposed method, it is necessary to conduct a constant velocity test at a wider speed range, as well as develop a non-linear thrust force formula. Lander explorations need to be carried out in order to investigate the history of the earth and the solar system. In the past, landers have landed on flat areas of lunar/planetary surfaces in order to avoid terrains that are rocky, or that have crators or hills. Mechanical shock absorbers are used in conventional lander legs, but such absorbers make it is difficult to prevent overturns in rough terrain. For nextgeneration exploration, lunar/planetary landers will attempt to land on rough terrains, and novel sophisticated technology will be needed to prevent overturns and absorb impact forces of landing. For this purpose, impact force reduction control with active landing gear is proposed in this paper.
This study focuses on absorption of impact forces as the first step in the development of active landing gear. Experimental setup of the proposed landing gear used a ball screw as an actuator. A Ball screw is reliable as it is commonly used in industrial machinery. Moreover, it inexpensive and can produce a strong force easily. A conventional method of absorbing impact force is to exploit the positive feedback of the external force after collision. In this method, the system needs to detect the collision force, but the sensor can tolerate only a limited amount of force. However, the landing time of a lunar/planetary lander can be estimated and hence it is possible to predict collision at landing. Therefore, in this paper predictive control for an actively controlled landing gear is proposed. Before touchdown, the altitude of the lander is measured and the legs are actuated accordingly to reduce impact force. At touchdown, if the touchdown speed of the footpad, or the tip of the leg, is zero, the impact force will also be zero. The acceleration reference of the leg can be derived by calculating the height of the sensor and by solving an equation to estimate free fall. Fig. 1 shows a lander near the ground. The sensor estimates the height h(t) and velocity v b , v l . In this stusy, experiment and simulation had been conducted, by taking into account the ratio of the gravity of the moon to that of the earth.
Figs. 2 and 3 show the experimental results. Fig. 2 shows that the collision speed is reduced by the proposed control. The consequent reduction in impact force by using the proposed method is shown in Fig. 3 . Thus, the simulation and exprimental results verify the effectiveness of our proposed method. This paper suggests an elemental technology of a current source inverter (CSI) and a three-phase voltage restoration method using the DC-link voltage for the purpose of low cost and reliability improvement of the CSI.
Further, this paper discusses the reason why waveform distortion occurs near the intersection of the three-phase voltage, and it describes a technique for error compensation. In addition, from the system movement of the restoration characteristic by various conditions (a control condition, a circuit condition) of CSI a restoration characteristic inspected the good movement point. Fig. 2 shows the experimental result of the voltage restoration method. As a result, there are the problems that a wave pattern distortion happens near by the voltage intersects. This problem is solved by the following method.
The period when the voltage is replaced is derived off-line. Further, a calculating formula is revised for the period when the voltage is replaced.
The obtained waveform is rectified with a low-pass filter shown below. Fig. 3 shows the experimental result of the voltage restoration method after the compensation. The result shows an improvement in the wave pattern. The obtained wave patterns were evaluated. The results showed that coefficient of correlation was 0.964 and dispersion was 92.1 before wave pattern improvement, and after improvement these coefficients were 0.986 and 30.2, respectively.
The analysis evaluation of the restoration characteristics by the change in the condition of the inverter was carried out, and a condition to perform restoration definitely was clarified. The conditions suitable for voltage reconstruction are listed below.
1. The change in the control condition modulation ratio: Greater than 0.6 Switching frequency: Less than 12 kHz Reference frequency: 10 Hz-100 Hz 2. The change in the system condition (filter capacitor) Requirement for faithful restoration: Greater than 10 µF A use that only rough shape needs: Greater than 1 µF This paper clarifies the principle of the surge voltage of a diode rectifier that is connected to a transformer in an isolated DC-DC converter. In addition, this paper discusses the design method of an RC snubber circuit by using an equivalent circuit consisting of a transformer, a snubber circuit, and a diode. Finally, the experimental results are provided to validate the design method. Fig. 1 shows a circuit diagram of the isolated DC-DC converter, which is investigated in this study. When the output voltage of the inverter changes a positive value to a negative value, the overlapping period in commutation occurs. Subsequently, a rush current flows through the parasitic capacitance. In addition, a vibrational current flows through the leakage inductance, and a reverse electromotive voltage is generated in the leakage inductance. That is, the reverse electromotive voltage becomes the surge voltage. Fig. 2 shows a comparison between the theoretical value and the experimental value, subjected to the ratio of the surge voltage to the steady voltage, when the leakage inductance is changed. The theoretical equation of the surge voltage is derived from the equivalent circuit shown in Fig. 1 . In the case of the experiment, the characteristic of the surge voltage is similar to the theoretical value. Therefore, the experimental results confirm that the investigation with the equivalent circuit is valid.
In order to reduce the surge voltage, it is necessary to suppress the rush current of the parasitic capacitance. Therefore, an energy buffer such as an RC snubber circuit is an effective method. First, a dumping coefficient is decided by the circuit parameters. Then, the snubber capacitance and snubber resistance are designed on the basis of a parasitic capacitance and the snubber loss. Fig. 3 shows the experimental waveforms with and without the snubber circuit. It is confirmed that the surge voltage is generated in the diode without the snubber circuit. On the other hand, from Fig. 3(b) , it is confirmed that the surge voltage is suppressed below the designed value. Fig. 4 shows the comparison between the designed value and the experimental value that are subjected to the ratio between the surge voltage and the steady voltage. It is confirmed that the tendency of the designed value and the experimental value is closed. Keywords: DC/DC converter, isolated converter, resonant converter, loss analysis, current resonance This paper proposes a design procedure in the efficiency of resonant type half-bridge converter for a high efficiency isolated DC/DC converter. The design procedure is based on the loss calculation. The relationship between the loss element and the efficiency characteristics was clarified. The loss analysis method based on the parameters of the circuit element is formulated. The analysis results agree well with the experimental results. In addition, the highest efficiency of 96.8% is obtained using a half-bridge converter. Finally, the design procedure in the efficiency was clarified using a design procedure flowchart. Fig. 1 shows the current resonant type half-bridge converter. Current resonant type half-bridge converters, which use the resonance between the leakage inductance of transformers and the resonant capacitor, are one of the most effective circuit topologies that can be used to obtain high efficiency. This circuit is controlled under an optimum condition, similar to the case of the resonant converter. In order to obtain the maximum efficiency, the resonant converter operates at 50% duty cycle based on the resonance frequency f 0 . The resonance frequency of the proposed circuit, f 0 is obtained using the Fig. 2 shows a comparison between the experimental results and the calculation results of the load characteristics (input voltage: 48 V). The wire turns of the transformer in the main circuit were 2 : 1 and 4 : 2, in order to change the copper loss and iron loss in the transformer. It should be noted the control method is an openloop control method, that is, the duty cycle is set to 50%. In this figure, the experimental results and the calculation results are almost equivalent over the entire load range. When the wire turns of the transformer is 4 : 2, the high efficiency can be achieved at a low load, because the iron loss of the transformer becomes small. On the other hand, when the wire turn of the transformer is 2 : 1, the high efficiency can be achieved at a high load, because the copper loss of the transformer becomes small. Fig. 3 shows the design procedure flowchart of the resonant type half-bridge converter. The design procedure in the efficiency is obtained by following the design flow. First, the seven circuit specifications are determined on the basis of the applications, which consist of the volume of the circuit, the maximum efficiency η max and power P max , the rating power P rating and efficiency η rating , the input voltage V in and V out, . The loss coefficients K 2 and K 0 are calculated. Then, the resonance frequency is determined, and a semiconductor device and a passive component are selected. The loss coefficients K 2 design and K 0 design are calculated. The design is completed only when the design loss coefficient is less than K 2 and K 0 . This study proposes a variable dynamic threshold for a jerk signal for achieving contact detection in industrial robots. A sensorless force control is useful for advanced application to industrial robots. Robots can detect any contact on their movable arm via this technique. However, some issues need to be resolved for sensorless force control before they are applied to robots. For example, contact detection of robots should be more quick and reliable. A reaction force observer estimates the external torque as the error between the calculated dynamic torque and the estimated load torque by the disturbance observer. Therefore, the estimated torque should always be zero when the robot is not in contact with any object; however, in practice, it is not zero. The phase-lag between the estimated torque and the dynamic torque causes estimation errors in the external torque when the robot is accelerating. The estimation error in the external torque is given by (1).
In this equation, G dis indicates the transient response of the external torque estimation. G dis of a first-order disturbance observer (FODOB) is given by (2).
On the other hand, the dynamic parameter error also causes an estimation error in the external torque depending on the robot's motion. The estimation error in the external torque is given by (3)
where
, centrifugal force and Coriolis force; c(θ L ), the gravity; and f (θ L ), the Coulomb friction. Δ indicates the error in each parameter. When the robot is accelerating, the torque estimation error increases because of the abovementioned. To solve this problem, this study proposes a dynamic threshold for a jerk signal depending on the robot's motion. The threshold R th is set to a constant threshold R cons when the robot is stationary or moving at constant speed, and it is set to a dynamic threshold R dyna shen the robot is accelerating. The dynamic 
where K jth is a design parameter that determines the amplitude of the dynamic threshold. The validity of the proposed method is confirmed through numerical simulations and experimental results conducted in this study. Simulation studies show the effect of parameter variation in the proposed dynamic threshold. These results show that inertia error is important in the design of the proposed method. In the experiments, the contact motion of the robot's arm is tested by the speed control of the joint. Fig. 2 shows the experimental results of the contact motion by using the proposed method. These experimental results are found to be the best among all experimental results. Therefore, the variable dynamic threshold enables quick contact detection, which is necessary for the safe movement of robots. The proposed variable dynamic threshold can be used to ensure the safe movement of robots in many applications. Keywords: contactless power transfer system, high power system, resonance capacitor, reactive power, self-inductance, frequency
This paper deals with a method for designing high-power contactless power transfer coils considering reactive power characteristics. Problems in high-power contactless power transmission systems using series and parallel resonance capacitors arise from the maximum voltage limit of the series capacitor owing to high reactive power. Therefore, in this study, a designing method is investigated to make the voltage of series capacitor less than 1500 V for 50 kW coils as an example. The optimal winding numbers and size of the coils and the appropriate frequency are investigated by electromagnetic field analysis as well. Figure 1 shows a contactless power transfer system for charging the on-board battery of a railway vehicle, and Figure 2 shows dimensions of the coils. Neglecting the winding resistance and the core loss, the equivalent circuit of the coils and the compensation capacitors can be shown in Figure 3 . The parallel capacitor C p in the secondary side and the series capacitor C s in the primary side are determined by the following equations. where x 1 , x 2 , and x m are the leakage reactance in the primary side, the leakage reactance in the secondary side, and the magnetizing reactance, respectively. The capacitor in the secondary side compensates for the reactive current of the magnetizing reactance, and the series capacitor in the primary side compensates for the reactive voltage of the leakage reactance. The voltage of the series capacitor, V s , and the current of the parallel capacitor, I p , are given by High power systems bear more reactive power because of their high voltage drop across the leakage reactance. Therefore, the voltage of the series capacitor becomes higher. Figure 4 shows the characteristics of the coil reactance X = 2π f L versus the voltage of the series compensating capacitor and the current of the parallel compensating capacitor, where f is the resonant frequency and L is the self-inductance of the primary and secondary coils. As shown in Figure 4 , coil reactance can determine the distribution of the compensating reactive power between the primary side and the secondary side. Therefore, it is important to consider reactive power when high-power contactless power transformers are designed. 
